ABSTRACT
abolished the antibody response, which could be restored by the addition of mouse peritoneal exudate cells, rich in macrophages.
The production of neutralizing antibody against T2 bacteriophage in cultures of lymph node cells from normal rats was described some time ago (1) . There have been no reports, however, on the initiation of primary antibody response in vitro by an animal virus, even though the interactions of animal viruses and cells of the immune system have been extensively investigated (2) .
Here, we report the production of neutralizing antibodies against rabies virus by mouse spleen cells from normal mice exposed in tissue culture to rabies virus suspension and to rabies virus adsorbed on sheep erythrocytes.
MATERIALS AND METHODS Antigens
Viral Antigens. Clonal isolates of ERA and HEP strains of rabies virus were propagated in monolayers of BHK/S13 cells grown in roller bottles according to a technique described elsewhere (3) . Tissue-culture media infected with the ERA strain used in the test had an infectivity titer of 6 X 108 plaque-forming units (PFU)/ml.
Tissue-culture medium infected with HEP strain (infectivity of 4 X 108 PFU/ml) was concentrated by ultrafiltration; the concentrate was purified by centrifugation for 90 min at 35,000 X g (two cycles), and the virus was inactivated by ultraviolet (UV) irradiation (4) . The concentration factor of this purified and irradiated preparation was 10 times the original volume of infected tissue-culture fluid.
Erythrocyte Antigens. A stock solution of sheep erythrocytes was obtained from Baltimore Biological Labs. Co., Cockeysville, Md. Mouse erythrocytes were obtained by heart-puncture of C57/BL6 mice. Erythrocytes were washed three times in phosphate-buffered saline (pH 7.4), and the final concentration of the suspension was adjusted to 0.5% of erythrocytes in RPMI (see Media).
For adsorption of virus, 1 ml of a 10% suspension of either sheep erythrocytes or mouse erythrocytes was mixed into 2433 3 ml of tissue-culture medium containing virus of strain ERA (6 X 108 PFU/ml), and the mixture was kept at 0°for 1 hr. Spleen Cells. Spleens from 12-to 15-week old C57/BL6 inbred mice were obtained aseptically, minced with scissors, and gently passed through a stainless-steel screen (150 mesh); a rubber stopper was used as a pestle. The cell pulp was suspended in cold RPMI medium (3 ml per spleen) and layered over 2 ml of fetal-calf serum in a 40-ml conical centrifuge tube to allow large cell clumps to settle. The upper layer was transferred to another tube and centrifuged at 800 X g for 10 min. The supernatant fluid was discarded, and the cells were resuspended in a 0.83% solution of NH4Cl in distilled water (3 ml per spleen). The mixture was kept in ice for 5 min. pended in a mixture of 50% RPMI and 50% serum from C57/BL6 mice was passed through a 140 X 20-mm column of siliconized glass beads (450-Mtm diameter), which had been equilibrated with the mouse serum-RPMI medium, at 370 over a period of 13 min (5). About 55% of the cells were recovered after filtration, and viability was increased to 85-90%. This filtrate of cells represented the "nonadherent" fraction of the spleen cell population (5), and is referred to as column-purified lymphocytes.
Macrophages. C57/BL6 mice were injected intraperitoneally with 2% starch suspension (1.5 ml) in NaPO4-NaCl. 3 Days later, the animals were killed by cervical dislocation, and their peritoneal cavities were washed twice with RPMI medium. The fluids thus obtained were seeded in 1-liter Blake bottles (1.5 to 2 X 107 cells per bottle in 80 ml of medium).
After 45 min of incubation at 370, the unattached cells were removed and the cell monolayers were washed twice with RPMI medium. New medium was added, and the cells were Preparation of Cultures. Marbrook's vessels (6) containing 12 ml of RPMI medium in the outer tube were used for all experiments. In the inner tube, either 107 unfractionated spleen cells or column-purified lymphocytes were planted in added in 0.05-ml aliquots. In experiments where macrophages and purified lymphocytes were used, the tubes were first seeded with 2 X 105 macrophage cells harvested from Blake bottles in 0.5 ml of medium. After 12 Table 1 ) was mixed with 0.1 ml of anti-mouse IgG, and was incubated for 1 hr at 370 and 6 hr at 4°. The resulting precipitate was centrifuged at 1000 X g for 30 min and the supernatant was assayed for rabies neutralizing antibodies. The control medium was processed in the same manner, except that anti-mouse IgG was not added to the medium. As shown in Fig. 1 , the rabies neutralizing capacity of the tissue culture medium was almost completely precipitated by antimouse IgG.
In order to evaluate the role of various cell elements in the production of rabies neutralizing antibodies in vitro, a suspension of spleen cells was passed through a column of glass beads, and the resulting purified lymphocytes were used for the production of rabies neutralizing antibodies in tissue culture.
As shown in Table 2 Viruses that replicate in cells of the immune system and functionally impair-or even destroy-them might have difficulty initiating antibody production in vitro by the very cells that are being infected. Among rhabdoviruses, vesicular stomatitis virus replicates in macrophages, and to a greater extent in stimulated lymphocytes (lymphoblasts) (13) . In contrast (Wiktor et al., unpublished results) , rabies virus is taken up by cultures of mouse macrophages, but does not seem to replicate in these cells and in mouse lymphocytes. In the present study, rabies virus did not repress the ability of unfractionated spleen cells to produce antibodies against sheep erythrocytes, whereas Newcastle Disease virus impairs the production of antibodies by rabbit spleen cells in vitro against bovine serum albumin (14) .
The removal of the "adhering" cell elements from the mouse spleen suspension impaired the production of antibodies to rabies, and the addition of peritoneal-exudate cells restored it. One may surmise, therefore, that, similar to the results obtained with sheep erythrocytes as antigen (15) , rabies antibody can only be produced in vitro by lymphocytes in the presence of an "accessory" cell. This "accessory" cell is probably a macrophage, unless other types of cells in the peritoneal cavity contributed to the restoration of the function of the immune system.
If macrophage interaction is the essential first step towards the production of rabies antibody, the better antigenicity of the preparation containing rabies virus adsorbed on sheep erythrocytes can not be explained by the greater aggregation of the virions on erythrocytes than in suspension since preparations containing rabies virions adsorbed on mouse erythrocytes did not initiate a better immune response in vitro than rabies virions maintained in suspension. The difference can not be explained by different amounts of virus available to produce the immune responses since, paradoxically, the amount of infectious virus was greater when rabies was maintained in suspension than when it was coated on sheep erythrocytes. This conclusion is further substantiated by the fact that an inactivated rabies vaccine also elicited an antibody response (Table 1) .
If it is correct to assume that mouse peritoneal macrophages play an essential role in facilitating an immune response, then it is quite possible that a higher rate of phagocytosis of heterologous erythrocytes may provide a better carrier for rabies antigen for production of antibodies. This suggestion deserves further investigation.
The interaction between viral antigens and macrophages as an essential intermediary step in the production of antibodies against animal viruses may be dependent on intact virions being used as the antigens. It is possible that after dissociation of the virions, separate viral components may elicit antibodies in the absence of macrophages, and thus fall in the class of polymerized flagellin or solubilized material from sheep erythrocytes (16) . The availability of such viral components after the dissociation of rabies virions (17) makes it feasible to undertake a study of their interaction with immune systems in vitro, and also to determine the role of various cell elements of the immune system involved in primary and secondary responses.
Finally, once an antibody against an animal virus has been produced in an in vitro system, a search should be instituted for other viral agents that, like the rabies virus, are capable of initiating an immune response in vitro.
